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Black hole rotation powering jets
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WE & Yang (2018)

Uniform field force-free jet solution (see also Komissarov 2004,
Palenzuela et al. 2010, others)
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Dissipating negative energy
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WE & Yang (2018)

In ergosphere Killing energy density can be negative.
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: _oinar gravitational wave superradiance

ONBODO

RIOn
W
Kot
0K
\*(\““_r(
OGS =

1ONRZ OB ONA0 60 Ol a0

OB s
\vlelelelela] U

OOD

|| GRS wo M =0.75 s 8y, M=1
e o w,M=0.87

otg % —

Mol AT LA LLCLRRS

50 60 70 80

~~100 00
OmOND

0.
0
= 0.
0.
0.

o

M
OO COOCOBENCCOCIOCO0ON
;

TORERZ0 500 70880

VWV OHHN
ounownowno

JBU
SOLRRR
o

WE, Ramazanoglu & Pretorius (2013)
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Liberating energy/angular momentum from a black
hole

o dJ=(mjw,)dM
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WE, Ramazanoglu & Pretorius (2013)

Efficiency of energy extraction reduced in nonlinear regime

Page 19/26



Superradiant instability in Ani-de Siter Space

Charged BH/scalar field in AdS

Bosch, Green, & Lehner (2016)
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Superrad_iant instability of massive bosons

@ Massive bosons with frequency w < mQg grow
exponentially in time.

@ Significant when Compton wavelength comparable to black
hole radius.
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Massive vector field energy density

£/(10*Mp) = 50. 4
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Superradiant instability: spinning down a black hole

Black hole with initial spin a = 0.99.
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WE & Pretorius (2017)

\ector boson mass: ~ 1012 eV (j1/0.25)(30Ms /MsH)
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Superradiant instability: spinning down a black hole

Black hole with initial spin a = 0.99.
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WE& Pretorius (2017)

\ector boson mass: ~ 10-12 eV (ji/0.25)(30Ms / MsH)

Pirsa: 19030012 Page 24/26



Massive vector field energy density and GWs

WE (2018)
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Observi_ng the superradiant instability

Indirect probe: Use black hole spin measurements from GWs
or accretion disks (Arvanitaki et al. 2015, 2017)
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Need reliable spin measurements
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